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(54) Field emission device using a boron nitride nanotube electron source 

(57) There is provided an electron emission device 

which has an electron source of a boron nitride nano- T7Tf^ 1 

tube so that the electron emission device exhibits a high- J71VJT. _L 

ly efficient electron emission at a low electric field. The 
boron nitride nanotube electron source is applied with 
an electric field. 
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Description 

[0001] The present invention relates to a field emis- 
sion device using a boron nitride nanotube electron 
source. 

[0002] In recent years, field emission techniques have 
been progressed which use diamond or boron nitride. 
In Japanese laid-open patent publications Nos. 
3-233826 and 60-1 71 7, field emission ion sources using 
a titanium boride pin are disclosed. In Journal of Applied 
Physics 82(10), p-5148 and Applied Physics Letters 71 
(18), p-2704 1997, field emission technique from boron 
nitride are disclosed. Wise gap coating materials are 
chemically stable, for which reason those devices are 
attractive in long life-time. In Japanese laid-open patent 
publications Nos. 3-233826 and 60-1717, it is disclosed 
that a wide gap material coats a metal electrode for a 
highly efficient electron emission with a low electrode 
field. In Journal of Applied Physics 82(10), p-5148, it is 
disclosed thai a wide gap material is grown on an impu- 
rity doped diamond or silicon substrate. In Applied Phys- 
ics Letters 71(18), p-2704 1997, it is disclosed that an 
impurity is doped into the wide gap material. Electron 
energy state of the wide gap material is much deeper 
than a vacuum energy state, tor which the substrate 
comprises a narrow energy band gap material for serv- 
ing electron donors or impurity forms energy states in 
the energy band gap for emitting electrons from the en- 
ergy states. In order to obtain the electron emission de- 
vice showing a highly efficient electron emission at a low 
electric field, it is necessary to carry out the above ad- 
ditional processes for impurity doping or coating an elec- 
trode with the wide gap material. 
[0003] In the above circumstances, it had been re- 
quired to develop a novel electron emission device 
showing a highly efficient electron emission at a low 
electric field and may be fabricated in single processes. 
[0004] Accordingly, it is an object of the present inven- 
tion to provide a novel electron emission device free 
from the above problems. 

[0005] It is a further object of the present invention to 
provide a novel electron emission device showing a 
highly efficient electron emission at a low electric field. 
[0006] It is a still further object of the present invention 
to provide a novel method of forming an electron emis- 
sion device free from the above problems. 
[0007] It is yet a further object of the present invention 
to provide a novel method of forming an electron emis- 
sion device showing a highly efficient electron emission 
at a low electric field in single processes. 
[0008] In accordance with the present invention, there 
is provided an electron emission device which has an 
electron source of a boron nitride nanotube so that the 
electron emission device exhibits a highly efficient elec- 
tron emission at a low electric field. The boron nitride 
nanotube electron source is applied with an electric 
field. 

[0009] The above and other objects, features and ad- 



vantages of the present invention will be apparent from 
the following descriptions. 

[0010] Preferred embodiments according to the 
present invention will be described in detail with refer- 

5 ence to the accompanying drawings. 

[0011] FIG. 1 is a schematic developed view illustra- 
tive of a top portion of a top-pointed boron nitride nan- 
otube in accordance with the present invention. 
[0012] FIG. 2 is a schematic view illustrative of a top 

10 portion of a top-pointed boron nitride nanotube in ac- 
cordance with the present invention. 
[0013] FIG. 3 is a schematic view illustrative of field 
applied parts of an electron emission device in accord- 
ance with the present invention. 

is [0014] In accordance with the present invention, there 
is provided an electron emission device which has an 
electron source of a boron nitride nanotube so that the 
electron emission device exhibits a highly efficient elec- 
tron emission at a low electric field. The boron nitride 

20 nanotube electron source is applied with an electric 
field. 

[0015] There is also provided a method of forming an 
electron emission device which is provided with an elec- 
tron source of a boron nitride nanotube to which an elec- 
ts trie field is applied so that the electron emission device 
exhibits a highly efficient electron emission at a low elec- 
tric field. 

[0016] The boron nitride nanotube has a boron -nitro- 
gen bonding structure except for a sharp-pointed top. 

30 The sharp-pointed top of the boron nitride nanotube has 
a boron-boron bonding structure and/or a nitrogen-ni- 
trogen bonding structure. Boron-boron bonding and ni- 
trogen-nitrogen bonding are sufficiently strong to keep 
the sharp-pointed shape. In the sharp-pointed top of the 

35 boron nitride nanotube, the band gap has energy states 
of electrons supplied from the boron -boron bonding and 
nitrogen-nitrogen bonding, whereby electrons generat- 
ed from the boron nitride nanotube are first moved into 
the energy states of the sharp-pointed top of the boron 

40 nitride nanotube. Since the field concentration appears 
on the sharp-pointed top of the boron nitride nanotube, 
the electrons are emitted from the sharp-pointed top of 
the boron nitride nanotube. The sharp-pointed top of the 
boron nitride nanotube is used as the field emission 

45 cathode or electrode for obtaining the highly efficient 
electron emission at a flow electric field. The above en- 
ergy states are supplied from the boron-boron bonding 
and nitrogen-nitrogen bonding existing only at the 
sharp-pointed top of the boron nitride nanotube, for 

so which reason the highly efficient electron emission at a 
flow electric field is required in cooperation with the ef- 
fect of field concentration at the sharp-pointed top. It is 
unnecessary that the wide gap material is grown on the 
substrate or impurity is doped into the wide gap material. 
' 55 This means that the electron emission device showing 
the highly efficient electron emission at a flow electric 
field can be obtained in the simple processes. 
[0017] With reference to FIG. 3, boron nitride nano- 



2 



BNSDOCID: <EP 0945884A1_I_> 



EP 0 945 884 A1 



tubes 3 and 4 are formed on a substrate 5. The boron 
nitride nanotube 3 has a sharp-pointed top, whilst the 
boron nitride nanotube 4 has a flat top. The substrate 5 
also serves as a cathode electrode for field emission. 
[001 8] With reference to FIGS. 1 and 2, atoms marked 
with "1 " are bonded with each other, thereby to form a 
sharp-pointed top of the boron nitride nanotube is 
formed. The atoms marked with "1" are different from 
atoms marked with "2". If the atoms marked with "1 " are 
boron, then the atoms marked with "2" are nitrogen. If 
the atoms marked with u 1 " are nitrogen, then the atoms 
marked with u 2" are boron. Afield is applied to the sub- 
strate 5 or the cathode electrode, electrons are emitted 
at a high efficiency with a low electric field from the 
sharp-pointed top of the boron nitride nanotube 3 in co- 
operation with a 

[0019] The boron nitride nanotube is formed at a field 
applied portion of the electron emission device. A HfB 2 
rod is fixed to the electrode or cathode A are discharge 
is carried out under nitrogen partial pressure of 700 
Mbar and an applied voltage of 20-40V and a current of 
60A. the boron nitride nanotube is formed in an anode 
side. 

[0020] A minimum diameter of the boron nitride nan- 
otube is 2 nanometers. About 5% of the boron nitride 
nanotubes has a sharp-pointed top structure. When a 
high electric field is applied to the boron nitride nano- 
tubes, electron emissions can be obtained from the bo- 
ron nitride nanotubes having the sharp-pointed top 
structure. The field concentration at the sharp-pointed 
top of the boron nitride nanotube causes the sharp- 
pointed top to have an effective electric field higher by 
100 times than the applied field. If the applied voltage 
is 10V, then a stable current of not less than 2x 10~ 4 A 
can be obtained. 

[0021] Whereas modifications of the present invention 
will be apparent to a person having ordinary skill in the 
art, to which the invention pertains, it is to be understood 
that embodiments as shown and described by way of 
illustrations are by no means intended to be considered 
in a limiting sense. Accordingly, it is to be intended to 
cover by claims all modifications which fall within the 
spirit and scope of the present invention. 



bonding structure. 

4. A boron nitride nanotube having a sharp-pointed 
top structure which has at least one of boron-boron 
bonding structure and nitrogen-nitrogen bonding 
structure. 
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An electron emission device having a boron nitride 
nanotube serving as an electron donor. 

The electron emission device as claimed in claim 1 , 
characterized in that the boron nitride nanotube has 
a sharp-pointed top structure. 
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The electron emission device as claimed in claim 1 , 
characterized in that the sharp-pointed top structure 
of the boron nitride nanotube has at least one of bo- 
ron-boron bonding structure and nitrogen-nitrogen 
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